Breakdown of DNA to acid-soluble fragments induced in strains of Escherichia coli B by nalidixic acid (10 ,ug./ml.) differed in linear rate according to the ability of the strain to repair DNA lesions. Strains which were exr (BS-2) and exr, uvr (BS-I) exhibited excessive DNA breakdown following nalidixic aeid treatment. The excision-defective uvr strains, BS-8, BS-12 and WWP-2 hcr, also degraded their DNA to acid-soluble fragments at a rate which initially was greater than that of the parental strain (E. coli B). This degradation was unaffected by the rad mutation. Removal of nalidixic acid from the system considerably lowered the rate of DNA breakdown. The responses to nalidixic acid and other agents potentiating DNA breakdown are compared.
INTRODUCTION
The antibiotic nalidixic acid selectively inhibits DNA synthesis in growing bacteria without impairing the synthesis of other macromolecules (Goss, Deitz & Cook, 1964 , 1965 . Its deleterious effects on viability and on DNA synthesis require active growth and are absent in stationary phase cells. Nalidixic acid causes bacteria to grow as long snakes and to degrade portions of their DNA to acid-soluble fragments (Cook, Brown, Boyle & GOSS, 1966) . A number of other treatments which impair DNA synthesis, such as u.v.-and x-irradiation, and the antibiotics Mitomycin C and Phleomycin, also cause DNA breakdown. With these, the extent of the breakdown observed and its kinetics are influenced by the genotypes of the bacterial strains exposed to the treatments ; mutants blocked in various steps of dark-repair processes varying widely from wild type in sensitivity to DNA breakdown.
In this paper the patterns of DNA breakdown in mutants blocked in either the ability to excise thymine dimers (UVR) or in a step in the recombinational-repair process (EXR, Witkin, 1968; Rupp & Howard-Flanders, 1968) , or in both (UVR, EXR), are compared with those of E. coli B.
METHODS
The strains of bacteria used, together with their genotypes and source are shown in Table I .
Thymine-requiring mutants of the strains listed in Table I were selected by the procedure of Okada, Yanagisawa & Ryan (1960) . The bacteria were radioactively labelled by growing them at 37" with shaking in the glucose salts medium G.T. G . W. GRIGG (Grigg, I 969), supplemented with p4C] thymidine (20 pg./ml.), overnight. The 14C-labelled organisms were washed and transferred to fresh medium containing nonradioactive thymidine and allowed to divide once before being used as exponentially growing cells in the experiments. The bacterial concentration at this stage was about 2 x 107/ml. In determining the proportion of DNA degraded to acid-soluble fragments the procedure of Aoki, Boyce & Howard-Flanders (1966) was followed. Nalidixic acid was bought from Sterling, Winthrop. Unless otherwise specified it was used at a concentration of 10 ,ug./ml. 
RESULTS
DNA breakdown in all the bacterial populations studied commenced about 15 min. after addition of nalidixic acid and proceeded at a linear rate for at least 2 hr.
The highest rate of degradation of DNA to acid-soluble fragments was observed in the two e m strains BS-2 and BS-I (Fig. I) . The latter also carries the uvr mutation but its response to nalidixic acid-induced breakdown of DNA was identical to that of the uvr+ exr mutant BS-2. 50% of the DNA of BS-I and BS-2 bacteria was degraded in 3 hr. The corresponding figure for strain B bacteria was 17 %.
The pattern of DNA breakdown in the three uvr e m f strains, BS-8, BS-12 and WWP-2 hcr, was identical and was not affected by the presence of the rad mutation. Initially the rate of breakdown in cultures of uvr mutants was appreciably higher than in strain B cultures, but the rate dropped suddenly after 2 hr. After 3 hr the proportion of DNA degraded to small fragments was rather similar to that of E. coli B (Fig. I) . Goss et al. (1965) reported that the inhibitory effects of nalidixic acid on DNA synthesis are rapidly reversed by washing cells free of the drug. Both the rate of DNA breakdown and the proportion of DNA degraded decreased immediately upon removal of nalidixic acid. This is illustrated (Fig. 2) by the observations on a culture of BS-I (uvr, exr) exposed for varying periods to nalidixic acid. The rate of DNA breakdown did not fall to zero upon removing the drug from the bacteria by Millipore filtration but continued at a lower rate for the 4 hr period of the experiment.
DISCUSSION
DNA breakdown induced by treatments which themselves do not cause direct strand breakage or do so with low efficiency, e.g. u.v.-irradiation or Phleomycin (2 ,ug./ml.), is often reduced in uvr mutants compared with uvr+ strains. This has led to the suggestion that since the first step in the excision of lesions, such as u.v.-induced pyrimidine dimers (Setlow & Carrier, 1964) , from DNA, involves an endonuclease mediated DNA chain break, the uvr mutants which display reduced DNA breakdown are defective in this endonuclease. Certainly they exhibit fewer chain breaks following u.v.-irradiation (Setlow, Carrier & Williams, 1967) . That the rate of DNA breakdown induced by nalidixic acid in uvr mutants exceeded that in uvrf bacteria is therefore unusual. 
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Ionizing radiations differ from the other treatments in that they induce an identical amount of DNA breakdown in uvr and uvr+ cells. The excessive DNA breakdown induced by nalidixic acid in the exr mutant BS-2 followed the same pattern as that of other treatments causing breakdown and had the same kinetics in the uvr exr mutant BS-I (cf. Suzuki, Moriguchi & Horii (1966) after U.V. irradiation). Time (hr) Fig. 2 . Relation between period of exposure to nalidixic acid and DNA breakdown in E. coli BS-I thy cells. An exponentially growing culture whose DNA was previously labelled with [14C]thymidine was exposed to nalidixic acid (Iopg./ml.) at timeo. After periods of 10, 20, 30,45 and 60 min. portions of the bacterial population were withdrawn from the nalidixic acid + GT + thymine medium, membrane filtered and resuspended in GT+ thymine medium. The DNA breakdown observed in the several portions is expressed as a function of incubation time. The numerals adjacent to the curves indicate period of exposure to the nalidixic acid in min.
The close association of ability of bacteria to repair u.v.-induced lesions in the dark and DNA breakdown, has been commented on before (see e.g. Howard-Flanders & Boyce, 1966; G. W. Grigg, N. Powles & J. Smith, unpublished) . It may be significant that of the several methods available of selectively inhibiting DNA synthesis temporarily or permanently, most, including thymine starvation, U.V. and x-irradiation, treatment with Mitomycin, Phleomycin or nalidixic acid, result also in DNA breakdown. Models to account for this correlation (Grigg, 1968 ; G. W. Grigg, N. Powles & J. Smith, unpublished) predict that any genetic or environmental impairment of rep air synthesis or of the reaction rejoining disparate ends at chainbreaks would result DNA breakdown in E. coli 25 in enhanced attack at unprotected break points by degradative enzymes and the release of acid-soluble fragments from the DNA. As a consequence of this depolymerization single strand nicks would be converted into double strand (chromosome) breaks. DNA breakdown by nalidixic acid may occur by a similar mechanism.
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